Abstract. The major problem of indoor localization is the presence of non-line-of-sight (NLOS) channels. In order to perform NLOS identification, a novel NLOS identification technique is proposed which is based on the multiply of the standard deviation, max-slope and max-gradient of the block using energy detector (ED). IEEE 802.15.3c 60 GHz channel models are used as examples and the above statistics are explained in detail. The simplicity of proposed approach lies in ED-based algorithm. The LOS and NLOS of IEEE 802.15.3c channel models are used. Simulations results show the correct identification is better than with the multipath channel statistics based approach.
Introduction
The 60 GHz has a great potential for accurate ranging and localization systems due to its very wide bandwidth and capability in resolving individual multipath components [1] [2] [3] . Therefore, TOA can be estimated with high accuracy for the 60 GHz systems if the first arriving path has been identified precisely. One of the major challenges for localization systems is mitigation of NLOS effects. If the direct path between a fixed terminal and mobile terminal is being obstructed, TOA to the fixed terminal will be delayed, which introduces a positive bias. Using such NLOS TOA, the mobile terminal position may significantly degrade positioning accuracy.
The non-line of sight identification techniques have been discussed extensively in the literature, but mainly within the cellular network framework [4] [5] [6] [7] [8] [9] [10] . For example, in [7] , the authors address the NLOS identification problems based on the multiple received signal strength measurements from Wi-Fi signals. The key to the approach is to exploit several statistical features of the RSS time series. Shimizu et al. [9] performed intensive measurements of path-loss and delay-profile characteristics of line-of-sight and non-line-of-sight environments in a suburban residential area. Based on their analysis, they found that the delay spread was dependent on distance, and the non-line-of-sight delay spread was found to be several times larger than that of the line-of-sight case. The skewness of delay spread for the non-line-of-sight cases ranged from 80 to 200ns, which was an order of magnitude larger than that of the line-of-sight case.
In this paper, a new NLOS identification approach is proposed for the 60 GHz signal, which is based on the standard deviation, max-slope, max-gradient of the energy block using ED. Firstly, we use ED-based algorithm for TOA estimation. Secondly, we characterize the standard deviation, max-slope, max-gradient of the block. Finally, we use a threshold test for NLOS identification.
The remainder of this paper is organized as follows. Section 2 describes signal and channel model. Section 3 describes NLOS identification approach and Section 4 presents results of numerical simulations. The concluding remarks are given in section 5.
System Model
The 60 GHz signals have a very short duration and which can be expressed as: where s T is symbol time. The time hopping code represented by C is a pseudorandom integer-valued sequence which is unique for each user to limit multiple access interference, and c T is chip time. The PPM time shift is ε so that if j a is 1, the signal is shifted in time by ε , while if j a is 0, there is no shift. In this paper a Gaussian pulse is employed which is multiplied by the carrier signal to give:
where α is shape factor and c f is carrier frequency which here is 60 c f = GHz. A smaller shape factor results in a shorter duration pulse and a larger bandwidth. The received signal can be written as:
where N is the number of received multipath components, n α and n τ denotes amplitude and delay of the nth path respectively, ( ) n t is the AWGN with zero mean and two sided power spectral density N 0 /2, and ( ) h t is the channel impulse response which can be expressed as:
where ( ) 
NLOS Identification
In this paper, we distinguish NLOS scenarios by exploiting the statistics of the ED-based received signal. The standard deviation, max-slope, max-gradient of energy block is used to identify NLOS scenarios. The slope of the energy values is considered as a measure. These values are divided into (N-M+1) groups, with M values in each group. Slope for each group is calculated using a least squares line-fit. Slope can then be expressed as:
The standard deviation is a widely used measure of variability. It shows how much variation or "dispersion" there is from the average which is given by:
where x µ is the mean value. The gradient is a generalization of the usual concept of derivative of a function in one dimension to a function in several dimensions. Similarly to the usual derivative, the gradient represents the slope of the tangent of the graph of the function. The received samples
can be expressed as N b *1 dimensional matrix referred as U. The GRADIENT function provided by the MATLAB is applied to calculate the gradient of the energy values.
The multiply of the standard deviation, max-slope and max-gradient of the energy block can be obtained for NLOS identification, which can be expressed as: 
where MS α is threshold which is chosen to identify NLOS, TX, RX is the beam-width of measured transmitter and receiver antenna respectively. It can be shown as follows:
where 1 Θ and 2 Θ are threshold which meet the condition ( ) P MS > Θ ≥ Φ where SNR is upper and lower limits. Φ is the probability value which is required for choosing suitable threshold for NLOS identification. Without loss of generality, here Θ is set to be 0.85.
In order to verify the effectiveness of NLOS identification algorithm, 1000 channel realizations were generated when SNR is from 10 to 40 dB in IEEE 802.15.3c channel and the other system parameters as above. The accuracy for identifying NLOS is calculated for each channel model. As shown in Table 1 , the accuracy of NLOS identification is higher than any other identification algorithms based on ED such as in [11] , the accuracy is only around 60% while the accuracy of the proposed algorithm over 80% for the most channel model. 
Conclusion
In this paper, a novel approach to deal with NLOS propagation is proposed which is based on the multiply of the standard deviation, max-slope and max-gradient of the energy block of the received signal using energy detector. In order to verify the effectiveness and practicality of the algorithm, so we make a lot of simulations using IEEE 802.15.3c channel models. The CM1.1, CM1.2, CM1.3, CM1.4 (residential LOS) and CM2.1, CM2.2, CM2.3, CM2.4 (residential NLOS) channel models from IEEE 802.15.3c standard are employed. Results show that joint parameter can identify LOS and NLOS environments so long as threshold can be fixed bitterly.
